The transversus abdominis plane (TAP) block is an effective technique to block the thoracolumbar nerves innervating the anterolateral abdominal wall. This study was conducted to evaluate the analgesic efficacy and opioid consumption with the use of perineural buprenorphine or dexamethasone in TAP blocks after unilateral inguinal hernioplasties. Methods: This prospective, randomized, double-blinded, placebo-controlled study enrolled 93 patients scheduled for unilateral inguinal hernioplasty, followed by an ultrasound-guided TAP block. The participants were randomized into 3 groups (31 patients each). Group L received 20 ml 0.25% levobupivacaine + 1 ml normal saline (NS); group LB, 20 ml 0.25% levobupivacaine + 0.3 mg (1 ml) buprenorphine; and group LD, 20 ml 0.25% levobupivacaine + 4 mg (1 ml) dexamethasone. The patients were observed postoperatively for 24 h for first rescue analgesic requirement, total rescue analgesic consumption, and pain scores on the numeric rating scale (NRS). Results: The time to first rescue analgesic requirement was significantly longer in Group LB than in groups LD and L (688.87 ± 36.11 min, 601.45 ± 39.85 min, and 383.06 ± 36.21 min, respectively; P < 0.001). The mean total tramadol consumption in the first 24 h was the lowest in group LB (P < 0.001, L vs. LB / LD). Groups LB and LD displayed significantly lower NRS scores than group L (P < 0.001 both). Conclusions: Levobupivacaine with perineural buprenorphine in a TAP block after unilateral open inguinal hernioplasty facilitates prolonged analgesia and reduced requirement for rescue analgesics compared to perineural dexamethasone, without significant side effects.
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Introduction
Abdominal wall incision is the major contributor to the pain experienced by patients after abdominal surgery. Inguinal hernioplasty is associated with moderate to severe pain that is at its most intense in the initial 24 h period. Inadequate pain control leads to poor recovery and a prolonged hospital stay and may be a risk factor for persistent pain after surgery. A multimodal approach for post-operative pain management after surgery involving the use of non-steroidal anti-inflammatory drugs, opioids, and local anesthetic infiltration, each acting at different sites of the pain pathway, has been suggested as the optimal combination for pain control [1] . An ultrasonography (USG) guided transversus abdominis plane (TAP) block is an alternative and recent modality, used for postoperative analgesia in inguinal hernioplasty and other lower abdominal surgeries [2] . In a TAP block, a local anesthetic solution is deposited in the plane between the internal oblique (IO) and transversus abdominis (TA) muscles. This blocks the thoracolumbar nerves originating from the T6 to L1 spinal roots that operate in this plane and supply sensation to the parietal peritoneum and the skin and muscles of the anterolateral abdominal wall [3] .
In recent times, levobupivacaine is one of the most commonly used local anesthetics with the least cardiotoxic side effects, but its limited duration of analgesia [4] has warranted the addition of various adjuvants to it, aiming at a synergistic enhancement to the quality and duration of analgesia [5, 6] . Buprenorphine and dexamethasone have been used as adjuvants to local anesthetics in various peripheral nerve blocks [1, 7, 8] , but a search of the available literature did not reveal any study comparing perineural buprenorphine and dexamethasone as adjuvants to levobupivacaine used for post-operative analgesia in a USG-guided TAP block after unilateral open inguinal hernioplasty.
The present study was planned to test the hypothesis that the addition of perineural buprenorphine or dexamethasone as adjuvants to levobupivacaine in a USG-guided TAP block would enhance the duration of post-operative analgesia and reduce opioid consumption in the first 24 h after unilateral inguinal hernioplasty.
Materials and Methods
After getting approval from the institutional ethical committee and clinical trial registry of India (CTRI/2017/10/010081) and acquiring written informed consent from the patients, this prospective study was carried out over a period of 6 months from 16 October 2017 to 15 April 2018. Ninety-three patients, 18-60 years old, American society of Anesthesiologist (ASA) physical status I/II, of either sex, scheduled for elective open inguinal hernioplasty with mesh repair under spinal anesthesia were included in the study. The exclusion criteria were patient refusal, known hypersensitivity to local anesthetics, body mass index ≥ 35 kg/m 2 , opioid addiction, chronic systemic illnesses, bleeding diathesis, infection at the local site, pregnancy, and failure of the spinal block. The patients were randomized into 3 groups of 31 each by using a computer-generated random number table, and the allotment was done using coded sealed opaque envelopes which were opened just before performing the TAP block. The drug was prepared by Dr KK, the block was performed by Dr GS, and the pain levels were evaluated by Dr S.
During the pre-operative visit detailed patient history was recorded, and a general physical, systemic examination and routine laboratory investigations were conducted. The anesthesia procedure and the numerical rating scale (NRS) for pain were explained to the patients in detail, and they were kept fasting for an 8 h prior to the surgery. The patients were premedicated with ranitidine 150 mg and alprazolam 0.5 mg orally previous night and on the morning of the surgery.
On arrival in operation theatre, an intravenous (IV) access was established, and standard monitoring in form of electrocardiogram (ECG), pulse oximetry (SpO 2 ), and non-invasive blood pressure (NIBP) were applied, and the base line vital parameters were recorded. All patients were hydrated with crystalloid solution 10 ml/kg. Under all aseptic precautions, spinal anesthesia was administered 3 ml of 0.5% bupivacaine heavy intrathecally in the sitting position at the L3-4 or L4-5 interspace using a 25-G 'Quincke' tip spinal needle (B. Braun Melsungen, Germany). The patients with partial or failed spinal anesthesia were excluded from the study. The ECG and SpO 2 were monitored continuously, and NIBP was recorded every 5 min during the intra-operative period.
On completion of the surgical procedure, a USG guided unilateral TAP block was performed under aseptic precautions. After identifying the lower costal margin and iliac crest, the sheathed high frequency linear ultrasound probe (6-14 MHz; Sonosite Bothell, USA) was placed in the mid-axillary line in a transverse plane to obtain a transverse view of the abdominal layers. After the visualization of the abdominal layers, a 22 G 50 mm blunt insulated nerve block needle was inserted 1 cm medial to the probe and was advanced using the in-plane technique with real-time USG assessment between the aponeurosis of the IO and the TA muscles [9] . Once the tip of needle was correctly placed, 2 ml normal saline (NS) was injected to hydrodissect the tissue. Following this, the drug was injected in 5 ml increments with gentle intermittent negative aspiration. During the injection, the distribution of the local anesthetic was observed as a hypoechoic enlargement on the USG. Group L received 20 ml 0.25% levobupivacaine + 1 ml NS; group LB received 20 ml 0.25% levobupivacaine + 0.3 mg (1 ml) buprenorphine; and
group LD received 20 ml 0.25% levobupivacaine + 4 mg (1 ml) dexamethasone, totaling to a 21 ml volume in each group. The anesthesiologist who performed the block was different from the person who assessed the post-operative pain, and both were blinded to the study group.
In the post-operative period, the pain ratings at rest and on movement were measured by NRS (0 = no pain, 10 = intolerable pain) just after the TAP block and at intervals of 2, 4, 6, 8, 10 12, 15, 18, 21, and 24 h. If the pain rating was found to be NRS > 7 despite the administration of the rescue analgesic at any point of time post-operatively, it implies that the TAP block was not effective. The heart rate, NIBP, and SpO 2 were also recorded during this time period. The primary outcomes of the study were the time taken to request for the first analgesic, total rescue analgesic doses in the first 24 h, and the NRS score. Tramadol 2 mg/kg IV was administered slowly as the rescue analgesic whenever the NRS ≥ 4 on rest or on a patient's demand. Tramadol administration was not repeated in < 6 h. If the NRS was still > 4, then an additional analgesic injection of paracetamol 1 g was administered. The patients were evaluated for possible adverse effects including nausea, vomiting, sedation, dry mouth, and headache for 24 h after the surgery. When a patient felt the urge to vomit, it was labeled as nausea, and when there was a forceful expulsion of gastric contents, as vomiting. Sedation was graded on the Ramsay sedation scale. The patients were also closely monitored for any complications related to the TAP block, such as injection site hematoma and signs of peritoneal infections.
A power analysis was conducted based on previous studies to measure the mean difference in time (310 min) taken to demand first analgesia in the 2 groups [10, 11] . The sample size of n = 31 in each group was required for a power of 80% and significance level of 5% with a CI of 95%. The α error was 0.05 and β error, 0.20.
Statistical analysis were performed using the IBM Statistical Package for the Social Sciences (SPSS) for windows, version 22.0 (SPSS Inc., USA). Numerical data were analyzed by using an unpaired Students t-test. Categorical data were analyzed by the chi square test or Fisher's exact test as appropriate. The differences among the 3 groups were analyzed by using the one-way analysis of variance (ANOVA) test. The results were expressed as mean ± standard deviation (SD) or median with interquartile range (Q1, Q3) or number and percentage (%). A value of P < Buprenorphine or dexamethasone in TAP block 0.05 was considered statistically significant.
Results
A total of 93 patients were recruited for this study. Among all these patients, there were no exclusions or dropouts (Fig. 1) . The study groups were comparable in demographic data such as age, weight, ASA-PS and sex ( Table 1 ). The duration of anesthesia was 158.48 ± 28.08 min in all 3 groups while the duration of surgery was 51.16 ± 4.87 min. The hemodynamic and respiratory parameters were comparable among the groups and corresponded to the NRS scores (peak rise in pulse rate and blood pressure).
The mean time to request for first rescue analgesia was the longest in group LB (688.87 ± 36.11 min, 601.45 ± 39.85 min, and and 383.06 ± 36.21 min for groups LB, LD, and L, respectively) (Fig. 2) . The difference was statistically significant (P < 0.001 for L vs. LB/LD and for LB vs. LD) ( Table 2 ). The patients undergoing the TAP block with buprenorphine as an adjuvant had a reduced 24 h tramadol consumption than those who received dexamethasone as an adjuvant and the control group (158.06 ± 50.16 mg, 177.41 ± 71.69 mg, and 274.19 ± 44.48 mg, respectively. The difference was statistically significant between group L vs. LB and LD (P < 0.001) ( Table 2) .
The post-operative NRS pain score measured at rest and on movement was reduced in the adjuvant-administered TAP block groups compared to the control group at most but not all the time points assessed. Mean NRS scores at rest were found to be significantly better in group LB than in groups L and LD from 2 to 12 h and at 24 h postoperatively (P < 0.05). Additionally, group LD had a significantly better NRS score at 6 h, 10 to 15 h, and at 24 h postoperatively compared to group L (Fig. 3A) . The mean NRS scores at movement were found to be significantly better in group LB than in groups L and LD from 2 to 10 h and at 24 h (P < 0.05). Further, group LD had significantly better NRS scores at 6, 10, 15, and 24 h compared to group L (Fig.  3B) . At the end of 10 h post-surgery the proportion of patients having an NRS ≥ 4 was the highest in group L (87%), followed by group LD (81%) and group LB (36%). At the end of 24 h post-surgery, this proportion was still the highest in group L (90%), followed by group LD (68%) and group LB (26%).
The incidences of nausea, vomiting, dry mouth, and sedation were found to be lower in group LD than in groups L and LB, but the differences were not statistically significant (P > 0.05) ( Table 3 ).
Discussion
The results of our study demonstrated that the addition of 0.3 mg buprenorphine or 4 mg dexamethasone to 20 ml levobupiv- Values are presented as Median (interquartile Q1, Q3), Median (range) or mean ± SD. Group L: 20 ml 0.25% levobupivacaine group + 1 ml NS, Group LB: 20 ml 0.25% levobupivacaine + 0.3 mg (1 ml) buprenorphine, Group LD: 20 ml 0.25% levobupivacaine + 4 mg (1 ml) dexamethasone. Values are presented as mean ± SD or number of patients. Group L: 20 ml 0.25% levobupivacaine group + 1 ml NS, Group LB: 20 ml 0.25% levobupivacaine + 0.3 mg (1 ml) buprenorphine, Group LD: 20 ml 0.25% levobupivacaine + 4 mg (1 ml) dexamethasone. ASA-PS: American Society of Anesthesiologists physical status, N/A: not applicable.
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acaine 0.25% in a unilateral TAP block provides a prolonged duration of analgesia, reduced opioid consumption, and decreased NRS pain score over a post-operative 24 h period in patients undergoing unilateral inguinal hernioplasty. TAP blocks were performed with the help of USG with a higher success rate for post-operative analgesia in inguinal hernioplasty and other lower abdominal surgeries [9, 12] . The TAP block is a safe and effective modality for post-operative analgesia as a part of the multimodal approach to analgesia [2, 13, 14] . A meta-analysis study on the efficacy of a TAP block on post-operative pain reduction demonstrated that it reduces the need for post-operative opioid administration, prolongs the time to the first request of analgesic, provides more effective pain relief, and reduces opioid-associated side effects [15] .
The discovery of peripheral opioid receptors led to the clinical application of adding opioids to local anesthetics for peripheral nerve blocks [16] . Due to easy availability, cost effectiveness, lack of significant side-effects like respiratory depression and sedation, longer duration of action [17] , highly lipophilic nature, and a high affinity for the μ receptor, buprenorphine was selected for this study as an adjuvant in the peripheral block. Many studies have evaluated the effect of buprenorphine when added to the local anesthetic for brachial plexus blocks and have concluded that it prolongs post-operative analgesia [7, 18] , but studies in which buprenorphine was used as an adjuvant with levobupivacaine in a TAP block were not found. According to a study by Kosel et al. [19] , 0.3 mg of buprenorphine as an adjuvant with bupivacaine in femoral nerve blocks enhanced the duration of analgesia following total knee arthroplasty. El Sharnouby and El Gendy [20] observed that the addition of 4 mg dexamethasone was equipotent to 8 mg dexamethasone in a TAP block. Hence, based on the above 2 studies, we used similar doses of adjuvants in our study with levobupivacaine.
Buprenorphine is a partial opioid receptor agonist and blocks voltage-gated Na + channels similar to local-anesthetic agents [21] . It decreases K + ion conduction and increases Ca 2+ ion conduction in the cell body of the neurons, which reduces the excitability of the nociceptive neurons and accentuates the prolongation of action potential. Further, it inhibits the release of the excitatory neurotransmitter substance P from the peripheral sensory nerve endings. The peripheral administration of opioids also has central action due to centripetal movement of opioids binding to opioid binding proteins from the periphery to the dorsal horn [22] . Buprenorphine and its metabolite norbuprenorphine has antihyperalgesic effects attributable to the fact that both have been shown to act on κ and δ opioid receptors in addition to μ receptors [23] . Behr et al. [24] demonstrated a near doubling of the time to the first analgesic request when perineural buprenorphine was added to levobupivacaine in interscalene blocks for shoulder Values are presented as number of patients or percentage (%). Group L: 20 ml 0.25% levobupivacaine group + 1 ml NS, Group LB: 20 ml 0.25% levobupivacaine + 0.3 mg (1 ml) buprenorphine, Group LD: 20 ml 0.25% levobupivacaine + 4 mg (1 ml) dexamethasone.
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Buprenorphine or dexamethasone in TAP block arthroscopy. In another study, Kosel et al. [19] concluded that the use of buprenorphine as an adjuvant to bupivacaine in femoral nerve blockades enhances the quality of the analgesia of the peripheral nerve block and prolongs its duration following primary total knee arthroplasty for up to 48 h after surgery. Nirmala et al. [11] also found similar results in peritubal blocks for percutaneous nephrolithotomy (PCNL) surgery. Jadon et al. [25] concluded that supraclavicular blocks with bupivacaine and perineural buprenorphine prolonged the duration of analgesia by nearly 6 h compared to supraclavicular blocks with bupivacaine and intramuscular buprenorphine. Similar results were reported in our study where buprenorphine was found more effective than dexamethasone as an adjuvant to levobupivacaine in terms of a longer duration of analgesia and a lower requirement of rescue analgesia in the post-operative period. Several studies were carried out to demonstrate the analgesic efficacy and safety of dexamethasone in TAP blocks [1, 10, 26] . Dexamethasone is a long-acting glucocorticosteroid used predominantly for its anti-inflammatory and antiemetic actions. However, its mechanism of action as an adjuvant is not completely understood. A glucocorticoid exhibits anti-inflammatory and analgesic effects through the inhibition of phospholipase A2 and the activation of glucocorticoid receptors. It has been demonstrated that locally administered corticosteroids inhibit signal transmission of nociceptive C-fibers, decrease ectopic neuronal discharge, and decrease the release of local inflammatory mediators [27] . Irrespective of the mechanism of action, all previous studies have recommended the use of dexamethasone to potentiate the analgesia and anesthesia induced by local anesthetic agents administered through various routes [1, 10, 26] .
Ammar and Mahmoud [1] recorded prolonged analgesia when dexamethasone was added to bupivacaine in TAP blocks for abdominal hysterectomies. Studies by Akkaya et al. [10] and Yildiz and Bayir [26] concluded that the addition of dexamethasone as an adjuvant to levobupivacaine in TAP blocks in lower segment cesarean section surgeries provides significantly prolonged, good quality post-operative analgesia, reduced tramadol consumption, and no considerable side effects, such as nausea or vomiting, compared to when dexamethasone is not administered. The results of our study that confirm that dexamethasone added to levobupivacaine provides better analgesia compared to plain levobupivacaine in TAP blocks for unilateral inguinal hernioplasty patients are consistent with the above studies.
The incidence of side effects was comparable among the groups. The incidence of nausea and vomiting was lesser in the dexamethasone group compared to in the buprenorphine group; however, it was not statistically significant because it was mainly attributable to a lower tramadol consumption, but the antiemetic role of dexamethasone cannot be ruled out. Chu et al. [28] have explained the mechanisms of the antiemetic action of dexamethasone. Ammar and Mahmoud [1] have also concluded that the incidence of nausea and vomiting were lower in groups administered with dexamethasone. None of the above-mentioned studies detected a difference in respiratory depression, nausea, or vomiting between those receiving buprenorphine and those receiving a local anesthetic without opioids. However, other studies [7, 8] found an increased risk of post-operative nausea and vomiting with the use of perineural buprenorphine.
The limitation of the current study is that the extent of the block under spinal anesthesia could not be assessed which may be important in assessing a successful block. The possibility of systemic changes caused by the study drugs could not be ruled out because we did not check for plasma levels of buprenorphine and dexamethasone. Future studies may be recommended to investigate the systemic effects of these study drugs. Moreover, further large-scale studies may be needed to investigate the extent and efficacy of TAP blocks with different doses and concentrations of levobupivacaine along with different doses of the adjuvants, buprenorphine and dexamethasone. Additionally, it may be studied in different patient populations.
To conclude, the addition of buprenorphine to levobupivacaine in TAP block is more effective regimen to control acute pain following open inguinal hernia repair surgeries as compared to levobupivacaine alone or with addition of dexamethasone.
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